The aim of the study was to assess the fatty acid composition of human fertilization-failed oocytes. A total of 150 unfertilized oocytes from 43 women undergoing in-vitro fertilization (IVF) were analysed using capillary gas chromatography. The majority of fatty acids were saturated (79.22%), of which stearic (38.65%) and palmitic (32.66%) acids were the most abundant. Of the monounsaturated fatty acids (14.27%) oleic acid was the most abundant (9.77%). Polyunsaturated fatty acids comprised 6.50% of fatty acids, the n-6:n-3 ratio being 7.73. The ratio of eicosapentaenoic acid:docosahexaenoic acid was~5. It is concluded that the most common fatty acids in human unfertilized oocytes are either saturated or monounsaturated fatty acids, whose main function is to provide an energy source. A number of differences in fatty acid composition were observed, in comparison with other biological samples. In particular, stearic and eicosapentaenoic acids were more prominent, and oleic and linoleic acids were less prominent; this may reflect some specific peculiarity of oocyte metabolism.
Introduction
Lipids have three main functions: (i) as an energy source; (ii) a structural role (especially membrane composition); and (iii) as a substrate for the synthesis of prostaglandins, leukotrienes and other biologically active compounds (Simopoulos, 1989) . Oocyte lipids may contribute to the energy requirement of the preimplantation zygote. They may also participate in fertilization and in the subsequent cell differentiation (Amri et al., 1994) . However, the importance of lipids in oocyte and embryo physiology is not known.
Fatty acids are classified as: saturated, monounsaturated and polyunsaturated (PUFA). There are two main classes of PUFA: n-3 and n-6; distinguished by the location of the first double bond. PUFA are known to be implicated in a number of diseases and with eicosanoid metabolism. Indeed, some n-3 and n-6 PUFA are essential nutrients, since like all mammals, humans are unable to synthesize them and so must obtain them from the diet (Simopoulos, 1989) .
Early studies with single-cell mouse embryos revealed that lipids represented 12.5% of the cytoplasmic dry mass (Loewnstein and Cohen, 1964) . However, the lipid composition of oocytes has been little studied, with the exception of Xenopus laevis (Hidari et al., 1991) , the sea hare (Yamaguchi et al., 1992) , and the pig (Homa et al., 1986) . We have found no reports on the lipid composition of human oocytes. The purpose of the present study was to analyse the fatty acid composition of unfertilized human oocytes, in order to obtain information regarding their metabolic processes.
Material and methods

Study population
Over a 4 month period, all the unfertilized oocytes from women from our in-vitro fertilization (IVF) programme were systematically subjected to total fatty acid analysis. Institutional board approval and informed consent were obtained.
The main indications for IVF were: tubal factor (53.5%), endometriosis (7%), failure of intrauterine insemination using the husband's spermatozoa (23.25%), idiopathic infertility (6.3%) and male factor (9.1%). The mean age of the women was 35.72 Ϯ 3.28 years (mean Ϯ SD), mean age of the men was 37.91 Ϯ 5.15 years, and the mean duration of infertility was 6.42 Ϯ 3.51 years.
The IVF protocol consisted of hypophyseal suppression, ovarian stimulation with follicle stimulating hormone (FSH) and human menopausal gonadotrophin (HMG), ovulation induction with human chorionic gonadotrophin (HCG), and ultrasound-guided oocyte retrieval, as previously reported by Mendoza et al. (1994) . The oocytes obtained were inseminated in Ménézo B2 culture medium (Laboratoire CCD, Paris, France), using the husband's spermatozoa after Percoll preparation (Gorus and Pipelleers, 1981) . Fertilized oocytes (defined by the presence of two pronuclei) were cultured further and transferred on day 2 or 3, up to four embryos per patient being transferred. The remaining embryos were cultured and cryopreserved if their development was normal. Oocytes which remained unfertilized after 48 or 72 h were included in the study population. In all, 150 zona pellucida-enclosed oocytes were obtained from 43 women (1-17 oocytes per woman). Immature oocytes (Veek, 1986) were excluded from the study.
Fatty acid analysis
Since the individual oocyte lipid mass was well below the sensitivity of the analytical method, oocytes were analysed in groups of 10. Oocytes were allocated to a group as they were obtained, in consecutive order. A total of 15 groups of 10 oocytes was studied. The oocytes were washed three times with a lipid-free medium (1ϫ phosphatebuffered saline Dulbecco's solution; ICN Biomedicals, Costa Mesta, CA, USA), prior to fatty acid analysis. Total oocyte lipids were subjected to acid-catalysed transesterification according to the method of Lepage and Roy (1986) . Heptadecanoic acid (3000 ng) was added as an internal standard just before esterification. In some experiments, tridecanoic acid (13:0, 3000 ng) was used as an internal standard in order to evaluate the contribution of hepatadecanoic acid to the total amount of the fatty acids in the oocytes. All reactions were carried out in the presence of toluene to prevent lipid peroxidation. Fatty acids were chromatographed as methyl esters on a 30 m SP 2330 fused silica capillary columns, of 0.25 mm ID, 0.20 µm film thickness (Supelco Inc, Bellefonte, PA, USA). The analyser (Hewlett Packard 5890, Series II) was equipped with a flame ionization detector. Identification of 31 fatty acids (Table I) was performed by comparison with commercial standards (Nu-Chek, Elysian, MN, USA). Quantification of each fatty acid was by electronic integration (Figure 1 ). Results were expressed both as a percentage of the total fatty acids and as concentration (ng/oocyte). Values are expressed as mean Ϯ SD. As a comparison, the triglycerides from adipose tissue obtained from a group of 70 women of reproductive age, from the same geographical area and of similar demographic characteristics, were analysed in a similar fashion. Table I shows the absolute concentrations and the proportions of the 31 fatty acids analysed. The major components were: stearic acid (38.65 Ϯ 13.58%), palmitic acid (32.66 Ϯ 7.14%), oleic acid (9.77 Ϯ 5.70%), myristic acid (4.46 Ϯ 1.10%) and linoleic acid (3.66 Ϯ 1.29%).
Results
Saturated fatty acids represented 79.22 Ϯ 7.90% of the total fatty acids, monounsaturated fatty acids, 14.27 Ϯ 7.00%; n-3 PUFA, 1.07 Ϯ 0.97% and n-6 PUFA, 5.43 Ϯ 1.42%. The n-6:n-3 ratio was 7.73 Ϯ 4.83. The ratio of eicosapentaenoic acid to docosahexaenoic acid was 4.66. When tridecanoic acid was used as an internal standard, heptadecanoic acid was found to be 2.5%, so that no modification of the data was necessary.
Discussion
Lipids represent 12.5% of the cytoplasmic dry mass of singlecell mouse embryos (Loewenstein and Cohen, 1964) . Lipids not only provide the cell with a source of nutrients, but also play a vital role in modifying the physical properties and biological functions of membranes, and have potent effects on cell-cell interactions, cell proliferation and transport (Stubbs and Smith, 1984) . Although these lipid functions are likely to play an important role in oocyte and embryo physiology, there have been only a few reports concerning the lipid composition of oocytes in different animals (Homa et al., 1986; Hidari et al., 1991; Yamaguchi et al., 1992; Caldironi and Alonso, 1996) . As far as we know, human oocytes have not been studied.
The fatty acid composition of tissues varies remarkably, e.g. erythrocytes, hepatocytes, adipocytes, neurons, plasma and seminal fluid. We have compared oocyte lipid composition with that of adipose tissue, since both have an energy storage function. The only available study of mammalian oocyte lipid composition was carried out by Homa et al. (1986) using immature pig oocytes. Of the 31 fatty acids which we analysed in the oocytes, seven fatty acids comprised 92% of the total fatty acids. The remaining 24 fatty acids were present at concentrations ranging from 0.01% to 0.97% of the total, and a number showed nonGaussian distributions. This non-normal distribution may be related to the relatively low number of pools studied (n ϭ 15), to the analytical method, or to the fertility status of the different populations studied.
The majority of fatty acids were saturated, representing almost 80% of the total fatty acids. Of these, stearic (39%), palmitic (33%), and myristic (4.%) acids predominated. These values are much higher than those present in human adipose tissue, where saturated fatty acids represent~27% of the total (stearic acid~4%, palmitic acid 20%) (Table II; Seidelin, 1995) . Monounsaturated fatty acids represented 14% of the total (oleic acid 10%), compared with 52% in adipose tissue (oleic acid 40%) (Table II; Seidelin, 1995) . Similarly Homa et al (1986) reported that in immature pig oocytes the main fatty acids were palmitic acid (51%), oleic acid (20%) and stearic acid (8%). The two most abundant fatty acids of our study (stearic and palmitic acids) were also the main components of the glycolipids in sea hare (Aplysia juliana) eggs (Yamaguchi et al., 1992) . Thus it would appear that ceramidederived glycolipids may comprise the main fraction of oocyte lipids. However, a study of amphibian oocytes (Caldironi and Alonso, 1996) suggested that triacylglycerides were the main lipid fraction.
Since saturated and monounsaturated fatty acids have a mainly energetic function, fatty acids may predominantly act as an energy source in the human oocyte. However, the striking differences found, compared with adipose tissue, concerning the 10-fold increased concentration of stearic acid and the decreased concentration of oleic acid suggest that the energy metabolism of the oocytes has some specific characteristics. This is supported by work showing that in Xenopus laevis oocytes, the uptake of long-chain non-esterified fatty acids is carrier-mediated (Zhou et al., 1994) .
PUFA represented 6.50% of fatty acids in humans and 16% in pig oocytes (Homa et al., 1986) , compared with 20% in adipose tissue (Table II) . For the latter, the mean reported value in the literature is 16%, but this is subject to large variations, due to a wide variety of factors, including diet (Seidelin, 1995) . In human unfertilized oocytes, n-6 PUFA were more abundant than n-3 PUFA; this has also been reported in the immature pig oocyte (Homa et al., 1986) . The n-6:n-3 ratio was 7.73, which is in the range (5-10) given for adults in international nutritional guidelines (Simopoulos, 1989) . This may simply be a coincidence, or may reflect the fact that the human oocyte has an n-6:n-3 ratio which is already consistent with that recommended for intake in adult life. The n-6:n-3 ratio was much lower than in other tissues, e.g. 16 in adipose tissue (Seidelin, 1995) , or 33 in our population (Table II) and appears to be due more to the relatively low linoleic acid content, which is the precursor of the n-6 family, than on an increase in n-3. The linoleic acid content (3%) of the oocyte was much lower than in other tissues, e.g. 14% in adipose tissue (Seidelin, 1995) , or 20% in the adipose tissue of our population (Table II) ; 28% in plasma (Matorras et al., 1994) ; and 13% in erythrocytes (Sanjurjo et al., 1995) .
One of the most remarkable findings was that the oocyte concentration of eicosapentaenoic acid was almost five times that of docosahexaenoic acid, compared with one tenth of that in adipose tissue (Seidelin, 1995) . Such a ratio may be unique to the oocyte. The relatively high eicosapentaenoic acid concentration may reflect the importance of the eicosanoids derived from the eicosapentaenoic acid, mainly prostaglandin I 3 and leukotriene B 5 .
The critical mass needed to perform the fatty acid analysis precluded a study of individual oocytes and of individual patients, except in cases where a number of unfertilized oocytes were available. Consequently, at the moment it is not possible to relate the fatty acid composition with clinical status.
The oocytes analysed in this study were those that failed to fertilize in IVF. Thus we do not know whether unfertilized oocytes will have the same fatty acid composition. Although from a methodological point of view it would be of great interest to compare unfertilized oocytes with oocytes before fertilization, this was not performed because of the evident ethical constraints. It has been suggested that oocytes exhibiting oxidative damage, resulting in low levels of PUFA, may be unable to undergo fertilization (Tarín et al., 1996) . On the other hand, in-vitro incubation of oocytes may lead to oxidative loss of PUFA. More studies are needed to ascertain whether fatty acid analysis of the oocyte or of its components (mem-brane, zona pellucida, cytoplasm) may provide further elucidation of fertilization or implantation failure.
